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(54) Uquid curable resin composition < 

(57) A liquid curable resin composition containing: : i 

(A) a polyfunctions (meth)acrylic compound having at least three (meth)acryloyl groups in a molecule, 

(B) a reaction product obtained by the reacting 

(i) an alkpxysilane compound having a polymerizable unsaturated group, a urethane bonding group and an 
organic group represented by the formula (1), 



-X-C-NH- 

II 

Y 



(1) 



and 

(ii) silica particles; 

(C) a silicone polymer; and 

(D) an irradiation active initiator. 

The composition when coated on surfaces of plastic molded articles and other materials provides for superior slip 
characteristics and resistance to abrasions, stains, weather, solvents and alkali environments. The compositions of the 
instant invention is particularly suitable as a hard coat material for plastic optical components, touch panels, film-type 
liquid crystal elements, molded plastic articles or as a stain-proof or scratch-proof coating for wall and flooring materials 
which are used as architectural interior finishings. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a liquid curable resin composition and. more particularly, to a liquid curable resin 
composition capable of forming cured coatings or molded articles, having excellent slip characteristcs and superior sur- 
face resistance to abrasions, stains, solvents and alkali environments. The liquid curable resin composition is suitable 
for use as a hard coating material for plastic optical parts, touch panels, film-type liquid crystal elements, molded plastic 
articles, or as a stainless or scratch-proof coating material used for wall and flooring materials which are used as archi- 
tectural interior finishings. 

Description of the Background Art 

Conventionally, a hard coat treatment has been applied for protection to the surfaces of molded plastic articles such 
as optical components, touch panels, film-type liquid crystal elements, molded plastic articles, or to the surfaces of wall 
and flooring materials used as architectural interior finishings. Suitable compounds useful as hard coat materials 
include UV curable acrylic compounds such as polyester acrylates. urethane acrylates, or epoxy acrylates However 
properties such as scratch and stain resistance and slip characteristics, are not improved when only these resins are 
used. 

Methods for improving scratch and stain resistance, and slip characteristics include adding inorganic fillers such as 
silica; adding organic fillers such as polyethylene or polycarbonate powders; and adding additives such as silicone, are 
well known in the art. The addition of inorganic or organic fillers, however, has drawbacks such as increases in the haze 
value of resulting^oating films and/or impaired physical appearance. While slip characteristics.ofitneicoating surface 
can be improved by the addition of silicone or the like, silicone addition is unable to improve scratch resistance due to 
abrasn/e-wheelS: Additionally, commonly used silicone additives may be hydrolyzed by.alkaji .duringspost-treatment of 
alkali etching which is applied to touch panel hard coats or the like. This results in impaired physical appearance and 
peeling of the cpatjng%filrn from plastic molded articles. . .. !V ....' ; : ,' V ' S? .'...'7^. ;'. 

■■ An object of the present invention is therefore to provide a composition for coating a hard coat wHh excellent slip 
characteristics and superior surface resistance to abrasions, stains, weather, solvem and, altali tenvironmoms.:, 

SUMMARY OF THE INVENTION - 
This object of the present invention can be achieved by a liquid curable resin composition comprising: 

(A) a polyfunctional (meth)acrylic compound (hereinafter referred to as "component A"), having at least three 
(meth)acryloyl groups in a molecule; 

(B) a reaction product (hereinafter referred to as "component B") obtained by the reaction of: 

(i) an alkoxysilane compound having a polymerizable unsaturated group, a urethane bonding group and an 
organic group represented by the following formula (1). 

«* -X-C-NH- (D 

II 
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(wherein X represents -NH-.-0-, or -S-, Y is an oxygen atom or a sulfur atom, provided that when X is -O- Y is 
a sulfur atom; and 
(ii) silica particles; 

55 C) a silicone polymer (hereinafter referred to as -component C") and 

(D) a radiation sensitive initiator (hereinafter referred to as "component D"). 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 



Component A 



Component A is a polyf unctional (meth)acrylic compound having at least three (meth)acryloyl groups in a molecule. 
Component A generally has less than 12 (meth)acryloyl groups, preferably less than 8. The molecular weight of com- 
ponent A is not critical, and will be in general less than 1000. 

Examples of compounds that can be used as component A include trimethylolpropane tri(meth)acrylate, trimethy- 
lolpropane trioxyethyl (meth)acrylate, tris(2-hydroxyethyi) isocyanurate tri(meth)acrylate, pentaerythritol tri(meth)acr- 
ylate, pentaerythritol tetra(meth)acrylate and dipentaerythrrtol hexa(meth)acrylate. 

In addition, commercially available products of the polyfunctions (meth)acryiic compound having at least three 
(meth)acryloyl groups in a molecule include KAYARAD DPHA, DPCA-20, DPCA-30. DPCA-60. DPCA-120. D-310, D- 
330. PET-30, GPO-303, TMPTA, THE-330, TPA-330 manufactured by Nippon Kayaku Co.. Ltd.). Aronix M-315, M-325 
(manufactured by Toagosei Co.. Ltd.) and the like. 



Generally, component B of the present invention is prepared by a process which comprises mixing an alkoxysilane 
compound and silica particles. More particularly, component B is prepared by reacting (i) an alkoxysilane compound 
having a polymerizabte unsaturated group, a urethane bonding group represented by the formula -NH(C=0)- and an 
organic group represented by the above formula (1) and (ii) silica particles. 

The amount of the altaxy silane compound residue immobilized on silica particles is 0.01 wt.% or more, preferably 
0.1 wt.% or more, and particularly preferably 1 wt.% or more. Weight percent (wt% is determined relative to the amount 
of silica particles). If the amount of alkoxy-silane compound residue immobilized on the silica particles is less than 0:01 
;wt.%. silica particles and colloidal silica in the cprhposition may exhibit only- inadequate dispersibility, transparency, -and 
abrasion resistance. The amount of the alkoxysilane compound in the taw material for preparing the component B is 10 
■:wt.% or more, and particularly preferably 30 wt.% or more. If this, amount of alkoxysilane compound is less than 10 
wt.%. the composition of the present invention may have only poor film forming capability. In addition, the proportion.of 
silica particles in the raw material composition for preparing the component B is preferably 50 wt.% or less, and partic- 
ularly preferably 20 wt.% or less tf this proportion is more than 50 wt%; the/resulting resin composition of the present- 
invention may have poor dispersibility, transpar^^ 

The alkoxysilane compound contains at least one polymerizable unsaturated group; urethane bond group, organic 
group represented by the above-described formula (1) and an alkoxysilyl group. The alkoxysilyl group is a component 
which bonds to the silanol group produced on the surface of silica particles by a hydrolysis or condensation reaction. 
The polymerizable unsaturated group is a component chemically crosslinkable with the molecules through addition 
polymerization in the presence of an activated radical. The above-mentioned -X(C=Y)NH- group and the urethane 
bonding group which are the divalent organic groups represented by the formula (1) connect the part of the molecule 
having the alkoxysilyl group and the part of the molecule having the polymerizable unsaturated group directly or indi- 
rectly via other groups. At the same time, these organic groups generate a moderate agglomeration force due to hydro- 
gen bonding among molecules, thereby providing the cured products produced from the composition of the present 
invention with dynamic strength, excellent adhesion to a substrate and superior heat resistance. 

An -S(C=0)NH- group is desirable as the -X(D=Y)NH- group. 

Examples of alkoxysilane compounds include compounds shown by the general formula (2): 



In the formula (2), R 1 is a hydrogen atom or a monovalent organic group having 1 -8 carbon atoms such as methyl, 
ethyl, propyl, butyl, phenyl, or octyl group; R 2 is a hydrogen atom or a monovalent alkyl group having 1-3 carbon atoms; 
and m is 1, 2. or 3; R 3 is a divalent organic group having 1-3 carbon atoms; R 4 is a divalent organic group having a 
molecular weight of 14-10,000. preferably 78-1.000, such as linear alkylene groups, divalent alicyclic or polycyciic 
organic groups; X is a divalent organic group preferably obtained from an addition reaction between a compound having 
at least two active hydrogen atoms and an isocyanate group; R 5 is an organic group with a valence of (n+1), which is 



Component B 



Si (R x O) m R 2 3 - m -R 3 -S-C ( =0) NH-R*-NH (C=0) 




(2) 



( Y) n R s -0 [ (C=0) NH-R 4 -NH (C=0) O-X-O] P 
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nmunf vTJ^T' T?* 1 ' °' ^ h y drocarbon aroups. unsaturated hydrocarbon groups and alicyclic 

groups Y is a monovalent organic group having a polymerizable unsaturated group capable of binding molecule^ bv 
cross-.ink.ng reaction in the presence of active radicals; n is an integer from 1 to 20. prefeTably 11 
3-5; and p is 0 or 1 and Y is an organic group having a polymerizable unsaturated bond Preferably 

a m^pTJ^l^ a,ent li "!fL a,k y ,ene «W represented by R< include: methylene, ethylene, propylene hex- 
amethylene, octamethylene and dodecamethylene. Examples of divalent alicyclic or polycyclic groups represertedbl 
R* include cyclohexeylene and norbornylene. Examples of divalent aromatic group represented by S inSSvfene 
phenylene. naphthylene. biphenylene and polyphenylene. The divalent groups represemS by r" maX suSiS 
atoms" 9r ° UPS ° r ^ ^ ^ ^ C ° ntain 80 atomic 9rou P «* Wn » e ^ other thancaZa^S^S 
The divalent organic groups represented by X can be obtained by removing two active hydroyoen atoms from a 
polyalkyjene glycol, polyaikylene thioglycol. polyester, polyamide. polycarbonate. polya^Mene dS pZjZZl 
dicarboxyl,cacid.polyalkylenediol.orpolyalkylenedimercaptan. aiamine. polyaikylene 

Examples of the monovalent organic group, represented by Y, having a polymerizable unsaturated bond caoable of 
b.nd,ng molecules by cross-linking reaction in the presence of active radSsTnclude. acrySj IZT^e^^ 
group, vinyl group, propenyl group, butadienyl mgroup. styryl group, ethyny. group. cinnamoy7g7ur^ SeaT mSS- 
acrylam.de group, with the acryloxy group being particularly desirable 9 P 

^s^zzzzr-" -™ * - ^ n^Bsassssspi .... : 

The alkoxy-silane compound can be obtained from an addition reaction of an alkoxysilane compound oossessino ■ 
a mercapto group, (i.e. mercapto alkoxysilane). a polyisocyanate compound and J^JS^S^S^^^^' " 

25 The following processes are examples for preparing alkoxysilane compounds. . / " v 

Process (A) -r. - >A ... . 



10 



IS 



20 



30 



35 



Aprocess comprising (i) subjecting a mercapto altoxysilane and a polyisocyanate to an addHion reaction in ord«r • 
2S7SSLT '^^^^ ^ontaining an alkoxysilyl. group, an ^5^^ 

and (n) b-nd.ngJJ,,s .ntermed.ate compound*)* polymerizable unsaturated compound coLnin^S^S 
exhibrting an activity to the remaining isocyanate group via an urethane group. nyarogen group. 



Process (B) 



h „Hrl^ !! COmpnS,ng W s "bjectng polyisocyanate and a polymerizable unsaturated compound with an active 
hydrogen-conta.n,ng group to an addition reaction in order to produce an intermediate compou^rrtaSng a poC 
enzable unsaturated group, a urethane binding group and an isocyanate group, and (ii) reacting ft K^itS^ 
pound wrth mercapto alkoxysilane to bind the two compounds via -S(C=0)NH-group "itermediate com- 

40 In the above processes (A) or (B). the molecular chain may be extended by causing the polyisocyanate comoound 

ZTSU 8 CyC " C ' ° r ? ranCh8d COmp ° und at ,east ^ hydmgensVeXe 3i 

by the addrtion reaction in a molecule via the urethane bond. , isocyanate 

The alkoxysilane which can form the -S(C=0)NH- bond by directly reacting with the rolvisocvanate eomnnnnH in 
4S " 01 ^ ,0re9 ° in9 formula & 030 be selec ^ fr ™ 

45 alkoxysilyl group and at least one mercapto group in the molecule. possessing at least one 

E ^ am P' es °J such a'koxysilanes are mercapto alkoxysilanes such as mercaptopropyl-trimethoxysilane mercaoto- 

mercaptcpropylmethyidiethoxysilane. mercaptopropyld^e^ 
methoxydimethylsilane. mercaptopropyltriethoxysilane. mercaptopropyltriphenoxvsilane and m^^3«^ 

SaTl^mnT? theS6 ' ^r 1 ^ PrS,erred ^ -rcapt^ropylZeCSfa^d S^SSSSS^ 
Co lS ^SS^T 8 "? V aVailab ' 6 ^Alkoxysilanes is SH6062 manufactured by^D^OomSTg 
Co.. Ltd These mercaptoalkoxysilanes may be used either individually or in combinations of two or more Examoles of 
mercaptoalkoxysilanes include an addition compound of amino substituted alkoxysilane and eoo^To^Sh ^ 
mercaptan. an addition compound of epoxy silane and a.««,imercapto JniSSmi Mhl > Se ^OMp-substituted 
«nJJ e nS° i" 80 ^* 6 co , mpound used for Preparing the alkoxysilane compound is selected from polyisocyanate 
compounds formed from a linear saturated hydrocaibon. a cyclic saturated hydrocaibon. or an aromaBc^SSSbST 
S™ nate compounds may be used erther individually or in combinations of two or moTThe number oi 
9TOup t ,n °"e molecule is usually 2 or more and less than 30. preferably 2 or more and less than 10 Tmore 
than 30. the resutang product has a high viscosity which may make handling the products difficult 
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Examples of suitable polyisocyanate compounds include linear hydrocarbon polyisocyanate compounds such as 
tetramethylene diisocyanate, hexamethylene diisocyanate and 2,2,4-trimethylhexamethylene diisocyanate; saturated 
cyclic hydrocarbon polyisocyanate compounds such as isophorone diisocyanate. dicyclohexylmethane diisocyanate, 
methylenebis(4-cyclohexylisocyanate). hydrogenated diphenylmethane-diisocyanate, hydrogenated xylene diisocy- 
anate, hydrogenated toluene diisocyanate and 1 i 3-bis(isocyanatemethyl)cyclohexane; and aromatic hydrocarbon 
polyisocyanate compounds such as 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 1 ,3-xylylene diisocyanate, 1 ,4- 
xylylene diisocyanate, p-phenylene diisocyanate, S.a'-dimethyM.^-diphenylmethane diisocyanate, diphenyimethane- 
4,4'-diisocyanate, 4,4 , -biphenylene diisocyanate, 6-isopropyl-1,3-phenyl diisocyanate, 4-diphenylpropane diisocyanate, 
lysine diisocyanate, 1 ,5-naphthalene diisocyanate and polyisocyanate of polydiphenylmethane. 

Among these, saturated cyclic hydrocarbon polyisocyanate compounds and aromatic hydrocarbons polyisocy- 
anate compound, particularly polyisocyanate compounds of saturated cyclic hydrocarbon are preferred. Particularly 
preferred polyisocyanates are isophorone diisocyanate and hydrogenated xylene diisocyanate, and hydrogenated tol- 
uene diisocyanate. Examples of commercially available polyisocyanate compounds are TDI-80/20, TDI-100, MDI- 
CR1 00, MDI-CR300, MDI-PH and NDI manufactured by Mitsui- Nisso Urethane Co., Ltd., Coronate T, Millionate MT, Mil- 
lionate MR and HDI manufactured by Nippon Polyurethane Kogyo Co., Ltd. and Takenate 600 manufactured by Takeda 
Chemical Industries, Ltd. 

The amount of polyisocyanate compounds (in terms of isocyanate group equivalents) present in process (A) above 
is in the range from 0.1 to 100, preferably from 0.5 to 10, and more preferably from 0.9 to 1 .2, for one equivalent of the 
mercapto group in mercaptoalkoxysilane compounds. If this amount of polyisocyanate compound is less than 0.1 equiv- 
alent in terms of isocyanate group, more than 0.9 equ'rvalet of unreacted mercaptosilane is present in the resulting 
alkoxysilane compound. This may result in inadequate abrasive properties in the coating film produced from the com- 
position. The amount of polyisocyanate compound in excess of 100 equivalent in terms of isocyanate group.: on the 
other hand, allows presence of a large amount of unreacted isocyanate group, which may impair weather resistance of 
the resuttingooating films. The amount of polyisocyanate compound present in process (B> is usually in the range from 
0.1 of 100. preferably 0.5 to 10. and more preferably from 0.9 to 1.2, as isocyanate group equivalent for one equivalent 
of active hydrogen group in the active hydrogen group-containing polymerizable unsatu^ 

In either of these processes (A) or (B). a catalyst may be added to reduce the reaction time. A basic catalyst Or an 
acidic catalyst can be used. Examples of basic catalysts include amines such as pyridine, pyrrole, triethyiamine, diethyl-, 
amine, dfoutyiamine and ammonia and phosphines such as tributylphosphine and tripheriylphosphine. OMhese,4ertiT 
ary amines such as pyridine and triethylamine; are particularly desirable. Examples of acidic catalysts include; copper 
naphthenate, cobalt naphthenate, zinc naphthenate, 1 ,4-diazabicydo-[2.2.2]octane (DABCO), methyl DABGO. metal 
alkoxides such as tributoxy aluminum, trititaniumtetrabutoxide. zirconiumtetrabutoxide; Lewis acids such as trif lubrobo- 
ron diethyl etherate and aluminum chloride; tin compounds such as tin 2-ethylhexanoate. octyl tin trilaurate, dibutyl tin 
dilaurate and octyl tin diacetate. Of these, acidic catalysts, particularly tin compounds, are preferred. Octyl tin trilaurate, 
dibutyl tin dilaurate and octyl tin diacetate are particularly preferred. 

The amount of catalysts used in the reaction is from 0.01 to 5 parts by weight, preferably from 0.1 to 1 part by 
weight, for 100 parts by weight of polyisocyanate compound. If less than 0.01 part by weight, the effect of reducing the 
reaction time by the addition of catalyst is insufficient; the amount exceeding 5 parts by weight, on the other hand, may 
impair storage stability of the resulting product. 

Examples of polymerizable unsaturated compounds which can bond with urethane bond to the polyisocyanate 
compound by the addition reaction include compounds containing at least one active hydrogen atom which can form a 
urethane bond with isocyanate group by the addition reaction and at least one polymerizable unsaturated group in the 
molecule. These compounds may be used either individually or in combinations of two or more. 

Carboxylic acid-containing polymerizable unsaturated compounds and hydroxyl group-containing polymerizable 
unsaturated compounds are given as such compounds. Specific examples of the carboxylic acid-containing polymeriz- 
able unsaturated compound include unsaturated aliphatic carboxylic acids, such as (meth)acry!ic acid, rtaconic acid, 
cinnamic acid, maleic acid, fumaric acid, 2-(meth)acryloxypropyl-hexahydrogen phthalate and 2-(meth)acryloxyethyl- 
hexahydrogen phthalate; and unsaturated aromatic carboxylic acids, such as 2-(meth)acrylaxypropyl phthalate. 2- 
(meth)acryloxypropylethyl phthalate. Examples of the hydroxyl group-containing polymerizable unsaturated com- 
pounds include hydroxyl group containing-acrylates, hydroxyl group containing-methacrylates and hydroxyl group-con- 
taining styrenes, such as 2-hydroxyethyl (meth)acryiate, 2-hydroxypropyl (meth)acrylate, 2-hydroxy butyl 
(meth)acrylate, 2-hydrcxy-3-phenyloxypropyl (meth)acrylate, 1 ,4-butanediol mono(meth)acrylate, 2-hydraxyalkyl 
(meth)acryloyl phosphate, 4-hydroxycyclohexyl (meth)acrylate, neopentyl glycol mono(meth)acrylate, polyethylene 
(pentamethylen«)xy-carboxylate)ethoxy (meth)acrylate, hydroxy styrene, hydroxy a-methyl styrene, hydroxyethyl sty- 
rene, hydroxy terminal polyethylene glycol styryl ether, hydroxy terminal polypropylene glycol styryi ether, hydroxy ter- 
minal polytetramethylene glycol styryl ether, terminal hydroxy polyethylene glycol (meth)acrylate. terminal hydroxy 
polypropylene glycol (meth)acrylate, terminal hydroxy polyethylene tetraethylene glycol (meth)acrylate. trimethylolpro- 
pane di(meth)acrylate, trimethylolpropane mono(meth)acrylate, EO-modified trimethylolpropane tri(meth)acryiate, PO- 
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modified trimethyiolpropane tri(meth)acrylate, pentaerythritol tri(meth)acryiate, pentaerythritol di(meth)acrylate, pen- 
taerythritol mono(meth)acrylate, dipentaerythritol penta(meth)acrylate. dipentaerythritol tetra(meth)acrylate, dipe'ntaer- 
ythritol tri(meth)acrylate. dipentaerythritol di(meth)acrylate and dipentaerythritol mono(meth)acrylate. 

Among these, unsaturate aliphatic carboxylic acids and hydroxyl group-containing acrylate compounds are pre- 
ferred, and particularly preferred are hydroxyl group-containing acrylate compounds, for example, 2-hydroxylethyl acr- 
ylate, 2-hydroxypropyl acrylate, pentaerythritoltriacylate, trimethyiolpropane diacrylate and dipentaerythritol 
pentacrylate. 

The amount of these polymerizable unsaturated compounds used, in terms of the active hydrogen group equiva- 
lent, is usually one equivalent or more for one equivalent of the remaining isocyanate group in the intermediate obtained 
by the addition reaction of mercaptoalkoxysilane and polyisocyanate compound. If less than one equivalent, the result- 
ing product may exhibit undesirable properties such as foaming, an increase in viscosity, or coloration due to a reaction 
with moisture and the residual active isocyanate groups in the alkoxysilyl compound. 

In the manufacture of alkoxysilyl compounds a divalent organic group may be introduced between the polymeriza- 
ble unsaturated group and the alkoxysilyl group produced by the addition reaction with polyisocyanate compound to 
improve flexibility of coating film and adhesion properties to substrates. As a precursor for such a divalent organic com- 
pound, linear, cyclic and branched organic compounds having at least two active hydrogen which reacts with an isocy- 
anate group by the addition reaction in the molecule can be used. Examples of groups containing an active hydrogen 
include hydroxyl, carboxyl, mercapto, amino, silanol. sulfonic acid and phosphoric acid groups. These organic com- 
pounds possess two or more active hydrogens, preferably two or more but less than 10, particularly preferably two, 
active hydrogens. The molecular weight of the compound having such active hydrogens is usually 50-100,000, prefer- 
ably 100-50.000, and particularly preferably 500-10.000. Examples of suitable divalent organic compounds are poly- 
alkylene glycols, polyalkylene thioglycols. polyester didls, ^ polyamides, polycarbonate dids, ^polyalkylene diamines 
polyalkylene dicarboxylic acids, polyalkylene diols and polyalkylene dimercaptans. Polyalkylene glycols are particularly 
desirable among these: Examples of commercially available polyalkylene glycols: include polyethylene glycol, polypro- 
pylene glycol, polytetraethylene glycol, polyhexamethylene glycol and copolymers of two or more of 1hese polyalkylene 
glycols, such as UNISAFE DC1100, UNISAFE DC1 800; UNISAFE DCB1100. UNISAFE DCB 1800 (manufactured by 
-Nippon, Oil and Fats Co.. Ltd.), PPTG4000, PPTG2000, PPTG1000. PTG2000, PTG3000, PTG650. PTGL2000 
PTGL1000 (manufactured by Hodogaya Chemical Co., Ltd.), EXENOL1020 (manufactured by Asahi Glass Co Ltd )' 
PBG3000-P 

jvv: ir^The preparation of an alkoxysilane containingthe polymerizable unsaturated group which indudes the above-men- 
tioned divalent organic group as a structural component is described in processes-(C) and (D); below, which use a poly- 
alkylene glycol as a reactant of the process. : - 

Process (C): 

Polyalkylene glycol is reacted with a compound having a terminal isocyanate group, obtained from an addition reac- 
tion of mercaptoalkoxysilane and polyisocyanate, thereby converting one of the terminals into an alkoxysilane com- 
pound of which one of the terminals is a hydroxy group. This alkoxysilane compound is then reacted with compound 
obtained from an addition reaction between a polymerizable unsaturated compound having a hydroxyl group at the ter- 
minal and a polyisocyanate compound, thereby forming a urethane bond between the two compounds. 

Process (D) : 

A compound having a terminal isocyanate group which is obtained from an addition reaction between a mercap- 
toalkoxysilane and polyisocyanate is reacted with a compound separately prepared by an addition reaction of a poly- 
alkylene glycol polyisocyanate compound having an active terminal hydroxyl group and a hydroxyl group-containing 
polymerizable unsaturated compound, thereby forming a urethane bond between the two compounds. 

The conditions for producing a urethane bond in the processes (C) and (D) are the same as in the processes (A) 
and (B) described above. The ratio of equivalence of the compound having a terminal hydroxyl group to the compound 
having an active terminal isocyanate group taking part in the bond is usually in the range from 1 .0 to 1 .2. If this ratio is 
less than 1 .0, coloration and viscosity increases tend to occur, due to the presence unreacted isocyanate groups. 

Moreover, hydrolyzates with other organic alkoxysilane may be used in the manufacture of alkoxysilane compounds 
as the hydrolyzate of the alkoxysilane compound modified with polymerizable unsaturated group. Examples of other 
organic alkoxysilanes include, condensation products with an alkylalkoxysilane such as tetrarnethoxy silane, tetrae- 
thoxy silane, tetrabutoxy silane. methyl trimethoxysilane, methyl triethoxysilane, dimethyl dimethoxysilane and phenyl 
trimethoxysilane. 

The amount of water used for hydrolysis when the hydrolyzates are prepared is usually from 0.5 to 1 .5 equivalent 
to the total alkoxy group. The hydrolysis is carried out by stirring the mixture at a temperature from 0°C to the boiling 
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point of the components for 5 minutes to 24 hours in the presence or absence of a solvent, thereby obtaining a conden- 
sate polymer. In this instance, an acidic catalyst or a basic catalyst may be used for the purpose of shortening the reac- 
tion time. 

The silica particles used for the manufacture of component B are powdery or colloidal silica with an average particle 
s diameter from 0.001 ^m to 20 ^m. For producing a transparent film a desirable particle diameter is from 0.01 jim to 2 
^m, particularly preferably from 0.01 ^m to 0.05 jxm. The silica particles may take any form. For example, the particles 
may be spherical, hollow, porous, rod-like, plate-like, fibrous, or amorphous and preferably spherical. The specific sur- 
face area of the silica particles is from 0.1 to 3000 m 2 /g, and preferably from 1 0 to 1500 rr^/g. These silica particles can 
be used in the form of dry powder or dispersed in water or an organic solvent. A dispersion of f ine silica particles com- 

10 mercially available as colloidal silica can be used as is. The use of colloidal silica is desirable when transparency of the 
products is desired. When the dispersion solvent for colloidal silica is water, the pH should be from 2 to 10, and prefer- 
ably on the acid side of from 3 to 7. When the dispersion solvent of colloidal silica is an organic solvent, such an organic 
solvent preferably is selected from the group consisting of methanol, isopropanoi, ethylene glycol, butanol, ethylene gly- 
col monopropyl ether, methyl ethyl ketone, methyl isobutyl ketone, toluene, xylene and dimethyl fbrmamide. These 

is organic solvents may be used in combination with other solvents which are mutually soluble with these solvents or 
water. Particularly preferred dispersion solvents are methanol, isopropyl alcohol,. methyl ethyl ketone and xylene. Given 
as examples of commercially available products of silica particles are colloidal silica such as methanol silica sols, e.g. 
IPA-ST, MEK-ST, NBA-ST, XBA-ST, DMAC-ST and ST-UP. ST-OUP. ST-20. ST-40, ST-C, ST-N, ST-O, ST-50, ST-OL 
manufactured by Nissan Chemical Co.. Ltd.. silica powders such as AEROSIL 1 30. AEROSIL 300, AEROSIL 380. AER- 

20 OSIL TT600. AEROSIL OX50 (manufactured by Japan Aerosil Co., Ltd.). Sildex H31. H32. H51, H52, H121, H122 
(manufactured by Asahi Glass Co., Ltd.), E220A, E220 (manufactured by Nippon Silica Industries Co., Ltd.), Silicia 470 
(manufactured by Fuji Silicia Chemical Co., Ltd.) and SG Rake (manufactured by Nippon Sheet Glass Co., Ltd.). 

The alkoxysilane compound imnriobilized on the component B can usually be measured as a; constant value of 
weight reduction (%) -when dry powder is completely combusted in air, for example, by the thermogr^vimetric analysis 

25 from room temperature to 800°C in the air. n. -*f:< :xi*.\ 

The amount of water consumed by the hydrolysis of alkoxysilane compound in the preparation of the component B 

: may be the amount required to hydrolyze at least one alkoxy group on ^.a silicon in one molecule. ( The- amount of water 
... which should be present or added during the hydrolysis is preferably 1/3 or more, particularly. preferably 1/2 or more, 
but less than 3 times, of the number of mols of the total alkoxy group on silicon. The product obtained by mixing the 
,30 alkoxysilane compound of the above formula (2) and silica particles under the conditions where no moisture is present 
at all has a structure with the alkoxysilane compound physically adsorbed on the surface of silica-particles. The compo- 
sition produced from a product with such a structure exhibits only insufficient abrasion resistance; of which the improve- 
ment is one of the objectives in the composition of the present invention. 

The preparation of component (B) may be selected from one of the following processes: (i) hydrolyzing the alkox- 

35 ysilane compound of formula (2) above, mixing the hydrolyzate with powdery silica or colloidal silica and heating the 
mixture while stirring; (ii) carrying out the hydrolysis of the alkoxysilane compound of the formula (2) in the presence of 
silica particles; and (iii) treating the surface of silica particles in the presence of other components, such as a polyfunc- 
tional unsaturated organic compound or a monovalent unsaturated organic compound of an irradiation active initiator. 
Among these, the process carrying out the hydrolysis of the alkoxysilane compound of the formula (2) in the presence 

40 of silica particles is preferred. The preparation of component B is usually carried out at a temperature from 20°C to 
1 50°C for 5 minutes to 24 hours. 

Silica particles are known to contain moisture on the surface of the particles as adsorption water under normal stor- 
age conditions. Colloidal silica product dispersed in an organic solvent, for example, usually contains about 0.5% of 
water. Accordingly, in the manufacture of component B it is possible to utilize the water contained in the raw materials 

45 by mixing and stirring the alkoxysilane compound and silica particles while heating. 

When silica powder is used for manufacturing component B. an organic solvent mutually soluble with water may be 
added to smoothly carry out a uniform reaction of the silica powder and alkoxysilane compound. Alcohols, ketones, 
ethers and amides are examples of suitable organic solvents. Specific examples of alcohols are methanol, ethanol. iso- 
propyl alcohol, butanol. ethylene glycol monomethyl ether, ethylene glycol monobutyl ether. Examples of suitable 

so ketones are acetone, methyl ethyl ketone and methyl isobutyl ketone. Examples of suitable amides are dimethyl forma- 
mide, dimethyl acetamide, N-methyl pyrrolidone and y-butyrolactone. There are no specif ic limitations to these solvents 
inasmuch as the solvent is effective for carrying out a smooth and uniform reaction. 

In addition, an acid or base may be added as a catalyst to promote the reaction in the preparation of component B. 
Examples of suitable acids are: inorganic acids such as hydrochloric acid, nitric acid, sulfuric acid and phosphoric acid; 

55 organic acids such as methane sulfonic acid, toluene sulfonic acid, phthalic acid, malonic acid, formic acid, acetic acid 
and oxalic acid; unsaturated organic acids such as methacrylic acid, acrylic acid, an itaconic acid; and ammonium salts 
such as tetramethyl-ammonium hydrochloride and tetrabutylammonium hydrochloride. Of these acids, organic acids 
and unsaturated organic acids are particularly preferred. Examples of suitable bases are: aqueous ammonia; primary, 
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secondary, or tertiary amines such as diethylamine. triethylamine. dibutylamine and cyclohexyl amine- aromatic amines 
such as pyridine, alkali metal hydroxides such as sodium hydroxide or potassium hydroxide; and tertiary ammonium 
hydroxides such as tetramethyl ammonium hydroxide, quaternary ammonium hydroxide. Of these bases tertiary 
amines and quaternary ammonium hydroxides are particularly preferred. The amounts of these acids or bases used is 
from 0.001 parts by weight to 1 .0 part by weight, preferably from 0.01 parts by weight to 0.1 parts by weight for 100 
parts by weights of alkoxysilane compounds. a 



Component (C) 



The silicone polymer which is used as component C of the present invention is preferably a graft copolymer having 
silicone in the side chain, and more preferably an acrylic graft copolymer having silicone in the side chain 

As the silicon-containing graft copolymers are prepared by a radical polymerization of an acryl-modified silicone 
high polymeric monomer and a radically polymerizable monomer, the products obtained by the condensation of a sili- 
cone compound of the formula (3). as the acryl-modified silicone and an acryl compound of the formula (4) can be used 



R 6 
I 

HO(SiO) q 
R 7 



H 



(3) 



wherein R 6 and R 7 are monovalent aliphatic hydrocarbon groups containing 1-10 carbon atoms, phenyl groups or 
rrranovalemhalogen-comaininghydrocaJtoongroupsandqisa . , 



'iv-ii-.se ■ 



CH 2 =C-C-0- (CH 2 ) 3 TSi- (ZnRV.) (4) 
O 



wherein R 8 is a hydrogen atom or a methyl group; R 9 represents a methyl group, ethyl group, or phenyl group; with two 
or more of R being either the same or different; and Z is a chlorine atom, methoxy group, or ethoxy group; and m is 1 . 
2 or 3. ' 

The acryl modified silicone compound can be copolymerized with a radically polymerizable monomer such as for 
example methylmethacrylate, butylacrylate. styrene and other monofuncBonal monomers listed below 

The silicone compounds of the formula (3) are commercially available. In the above formula (3) R 6 and R 7 are 
monovalent aliphatic hydrocarbon groups containing 1-10 carbon atoms, phenyl groups, or monovalent halogen-con- 
taining hydrocarbon groups. Examples of the monovalent aliphatic hydrocarbon groups containing 1-10 carbon atoms 
are methyl group, ethyl group and acyl group; examples of the monovalent halogen-containing hydrocarbon groups are 
3.3>tnfluoropropyl group. 4,4.4-trifluoro-3.3-difluorobutyl group and 2-chloroethyl group. Methyl group is particularly 
preferred as R and R 9 . In the above formula (3). q is a positive number of one or more. An oily copolymer tends to be 
obtained from an acryl-modified silicone induced from silicone with a high molecular weight with the number q of 100 
or more and a radically polymerizable monomer. When an acryl-modified silicone induced from silicone with a low 
molecular weight with the number q of less than 100 and a radically polymerizable monomer are copolymerized the 
resulting copolymer may be an oil, jelly, or solid. 

These acryisilane compounds can be easily obtained by reacting a silicon compound with a compound having 
aliphatic multiple bonds in the presence of a chloroplatinic acid according to the method disclosed by Japanese Patent 
Publication No. 9969/1958. 1 

Examples of acryisilane compounds of the formula (4) are rmethacryloxypropyldimethyichlorosilane. v-methacry- 
loxypropyldimethylethoxysilane. y-methacryloxypropyldiphenylchlorosilane. racryloxypropyldimethyichlorosilane y- 
methacryloxypropyltriethoxysilane and y-methacryloxypropyltrichlorosilane. 
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The radical copolymerization of the acryl-modif ied silicone and the radically polymerizable monomer can be carried 
out using a conventionally known method, such as radical polymerization using e.g. a peroxy or persulphate compound 
as initiator or a method of using an irradiation active initiator. When the copolymerization is carried out using ultraviolet 
radiation, a photosensitizer known in the art can be used as the initiator for the radical polymerization. When electron 
beam is used, an initiator is not necessary. 

The silicone copolymer thus obtained is a comb-like graft copolymer with the radical polymerized monomer as a 
trunk and silicone as branches. 

Preferably, the silicone polymer (c) contains 10-70 wt.% of SiO units. More preferably, the polymer contains 20-90 
wt.% of SiOR 6 R 7 groups, wherein R 6 and R 7 are as defined in formula (3): 

Cymac US- 150, US-270, US-350, US-450 and Reseda GP-700 (manufactured by Toagosei Co., Ltd.) are exam- 
ples of commercially available products of the silicone copolymer. 

Component (D) 

Component (D) of the present invention is any radiation sensitive initiator (photoinitiator) capable of producing rad- 
icals by irradiation and initiating the polymerization. A photosensitizer can be used together with the photoinitiator as 
required. The term "radiation" as used here includes infrared light, visible light, ultraviolet light, deep ultraviolet light, X- 
rays. electron beam, a-rays, p-rays, y-rays and the like. However, preferably the composition of the present invention is 
cured using visible light, UV light, deep UV light, and combination thereof. 

Examples of the above-mentioned irradiation active initiators are acetophenone. acetophenone benzyl ketal, 
anthraquinone, 1-hydroxycyclohexyl phenyl ketone, 2,2-dimethaxy-2-phenylacetophenone. xanthone compounds, 
triphenylamine. carbazole, 3-methylacetophenone, 4-chlorobenzophenone. M'-dimethoxybenzophenone, 4,4'-diamt- 
nobenzophenone, 2-hydroxy-2-methyl-1 -phenytpropan-1 -one, 1-(4-isopropylphenyl)-2-hydroxy-2-methyipropan-1-one. 
carbazole. xanthone, 1,1-dimethoxydeoxybenzoin, 3,3'-dimethyl-4rmethoxybenzophenone, thioxanethone compounds, 
diethylthioxanthone, 2-isopropylthioxanthone, 2-chlorothioxanthone, 1-(4<iodecylphenyl)-2-hydroxy-2-methylpropan-1- 
one. 2-methyl-1-4-(meth^hio)phenyl-2-rnorpholino-propan-1-one, triphenylamine, 2,4,6-trimethylbenzoyl diphenyl- 
phosphine oxides, bis-(2,6KlimethoxybenzoyO-2,4;4-trimethylpentylpho^Dhine oxides, bisacylphosphine oxide, benzyl 
methyl ketal, 1-hydroxycyclohexyl phenyl ketone, 2-hydraxy-2-methyl-1rphenylpropan-lTone, fluorenone, fluorene,,ben- 
zaldehyde. benzoin elhyl ether, benzoin propyl ether,.benzophenone, Michler's ketone, 2-benzyl-2-dimethylamino-1-(4- 
morpholinophenyl)-butan-1-one, 3-methylacetophenone, 3,3\4,4--tetra(t-buty1peroxycarto^ (BTTB) 
and a combination of BTTB and a coloring photosensitizer such as xanthene, thioxanthene, cumarin, or ketocumarin. 

Of these, particularly prefers are benzyl methyl ketal,- 1 -hydroxycyclohexyl phenyl ketone. 2,4;6-trimethylbenzoyl 
diphenylphosphine oxide, bis-(2,6-dimethoxybenzoy0-2.4.4-trimethylperrtyl phosphine oxide and 2-benzyl-2-dimethyl- 
amino-1-(4-morpholinopheny1)-butan-1-one. 

Commercially available photoinitiators include, Irgacure 184. 651 . 600, 907. 369. 784. 2959 (manufactured by Ciba 
Geigy) . Lucirine TPO (manufactured by BASF), Darocure 1 1 1 6. 1 1 73 (manufactured by Merck), Ubecryl P36 (manufac- 
tured by UCB), Escacure KIP150 and Escacure KIP100F (manufactured by Lamberti). 

Examples of photosensitizers include triethylamine, diethylamine, N-methyldiethanoleamine, ethanolamine, 4- 
dimethylaminobenzoic acid, 4-methy! dimethylaminobenzoate, 4-ethyl dimethylaminobenzoate, 4-isoamyl dimethylami- 
nobenzoate and commercially available products such as Ubecryl PI 02, 103, 104. 105 (manufactured by UCB). 

The proportion of component D present is usually 0.01-10 wt.%, preferably 0.5-7 wt.%, and particularly preferably 
1 -5 wt.%, of the total amount of the composition. 

When this proportion is 10 wt.% or more, storage stability of the composition and properties of the cured products 
are impaired. If less than 0.01 wt.%, the cure rate may be retarded. 

It is desirable for the composition of the present invention to contain from 4.9-59.9 wt% of component A; 40-95 
wt.% of component B; 0. 1 -20 wt.% of component C; and 0.01-10 wt.% of component D ; whereby A + B + C + D is100 
wt.%. 

Component (B 

Component E is a polymerizable monomer containing a vinyl group or (meth)acryloyl group other than the above- 
mentioned component A and can be used as an optional component in the present invention. The polymerizable mon- 
omer may be either a mono-functional monomer or a poly-functional monomer. 

Examples of the mono-functional monomer are vinyl group containing monomers such as N-vinyl caprolactam, N- 
vinyl pyrrolidone, N-vinylcarbazole and vinyl pyridine; acryiamide, acryloyl morpholine, 7-amino-3,7-dimethyloctyl 
(meth)acrylate, isobutoxymethyl (meth)acrylamide, isobornyloxyethyl (meth)acrylate, isobornyl (meth)acrylate, 2-ethyl- 
hexyl (meth)acrylate, ethyldiethylene glycol (meth)acrylate, t-octyi (meth)acrylamide, diacetone (meth)acrylamide, 
dimethylaminoethyl (meth)acrylate, diethyiaminoethyl (meth)acrylate, lauryl (meth)acrylate, dicyclopentadiene 
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(meth)acrylate. dicyclppentenyloxyethyl (meth)acrylate, dicycloperrtenyl (meth)acrylate, N,N-dimethyl (meth)acryla- 
mide tetrachlorophenyl (meth)acrylate, 2-tetrachlorophenoxyethyl (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, 
tetrabromophenyl (meth)acrylate. 2-tetrabromophenoxyethyl (meth)acrylate, 2-trichlorophenoxyethyl (meth)acrylate 
tribromophenyl (meth)acrylate. 2-tribromophenoxyethyl (meth)acrylate, 2-hydroxyethyl (meth)acryiate, 2-hydroxypropyi 

s (meth)acrylate, phenoxyethyl (meth)acrylate, butoxyethyl (meth)acrylate, pentachlorophenyl (meth)acrylate, pentab- 
romophenyl (meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol mono(meth)acrylate. bornyl 
(meth)acrylate and methyltriethylene diglycol (meth)acrylate. Of these, N-vinyl caprolactam, N-vinyl pyrrolidone, acry- 
loyl morpholine, N-vinylcarbazole, isobornyl (meth)acrylate, phenoxyethyl (meth)acrylate and the like are preferred 
with N-vinyl caprolactam, N-vinyl pyrrolidone and acryloyl morpholine are particularly preferred. Acryloyl morpholine is 

10 an ideal mono-functional monomer. 

Commercially available mono-functional monomers include, Aronix M-1 1 1 , M-1 13, M-1 1 7 (manufactured by Toa- 
gosei Co., Ltd.), Kayarad TC110S, R-629, R-644 (manufactured by Nippon Kayaku Co., Ltd.) and Viscoat 3700 (man- 
ufactured by Osaka Organic Chemical Industry, Ltd.). 

Examples of poly-functional monomers are (meth)acryloyl group-containing monomers such as ethylene glycol 
is di(meth)acrylate, dicyclopentenyl di(meth)acrylate, Methylene glycol diacrylate. tetraethylene glycol di(meth)acrylate 
tricydodecanediyldimethylene di(meth)acrylate, tripropylene diacrylate, neopentyl glycol di(meth)acrylate, both termi- 
nal (meth)acrylate of ethylene oxide addition bisphenol A, both terminal (meth)acrylate of propylene oxide addition 
bisphenol A. both terminal (meth)acrylate of ethylene oxide addition tetrabromobisphenol A, both terminal (meth)acr- 
ylate of propylene oxide addition tetrabromo bisphenol A, both terminal (meth)acrylic acid adduct of bisphenol A digly- 
20 cidyl ether, both terminal (meth)acrylic acid adduct of tetrabromo bisphenol A diglycidyl ether, 1 ,4-butanediol 
di(meth)acrylate, 1 ,6-hexanediol di(meth)acrylate and polyethylene glycol di (meth) acrylate. 

Of these, both terminal (meth)acrylate of ethylene oxide addition bisphenol A, both terminal (meth)acrylate of pro- 
pylene oxide addition bisphenoUA, tricydodecanediyldimethylene di(meth)acrylate, tetraethylene glycol di(meth)acr- 
ylate, tripropylene glycol di(meth)acrylate, neopentyl glycol di(meth)acrylate and .polyethylene glycol di(meth)acrylate 
25 are particularly desirable. :^vr-v^.»- ... , t ,,.„. [1Yr . 

- ■ • Examples of commercially available poly-functional monomers are Yupimer UV, SA1 002 (manufactured by Mitsubi- 
shi Chemical Corp.). Viscoat 700 (manufactured by Osaka Organic Chemical Industry Co., :Ud.), Kayarad Br604 (man= 
ufactured by Nippon Kayaku Co:, Ltd.) and Aronix M-210 (manufactured by Toagosei Co.; Ltd.). r _; u , ; _.' . 

30 Additives vv ^: - ^r.^»);^raL-'.-. . y-i . 2S*£^ '>?^ 

In addition to the above components, various additives may be added to the composition of the present invention 
as required. Such additives include antioxidants, UV absorbers, photostabilizers, silane coupling agents, anti-aging 
agent, thermal polymerization inhibitors, colorants, leveling agents, surfactants, preservatives, plasticizers, lubricants 

35 solvents, inorganic fillers, organic fillers, wettability improvers and coating surface improvers. 

Commercially available antioxidants include irganox 1010, 1035, 1076. 1222 (manufactured by Ciba GeigyV UV 
absorbers include, Tlnuvin P, 234, 320, 326, 327, 328. 213, 400 (manufactured by Ciba Geigy) and Sumisorb 110 130 
140, 220. 250. 300, 320, 340, 350, 400 (manufactured by Sumitomo Chemical Industries Co.. Ltd.); and of photostabi- 
lizers include. Tinuvin 292, 144, 622LD (manufactured by Ciba Geigy) and Sand LS-770, 765, 292, 2626 1 1 14 744 

40 (manufactured by Sankyo Chemical Co.). Examples of silane coupling agents include y-aminopropyl-trielhcaxysilane, y- 
mercaptopropyltrimethoxysilane and rmethacryloxypropyltrimethoxysilane and products such as SH6062 and SZ6030 
(manufactured by Toray-Dow Corning Silicone Co., Ltd.), KBE903, KBM803 (manufactured by Shin-Etsu Silicone Co 
Ltd.). Commercially available aging preventives indude, Antigene W, S, P, 3C. 6C. RD-G. FR, and AW (manufactured 
by Sumitomo Chemical Industries Co., Ltd.) and the like. 

45 Moreover, polymers or oligomers can be incorporated into the composition of the present invention as other addi- 
tives. Other additives include epoxy resin, polymerizable compounds such as urethane (meth)acrylate. vinyl ether pro- 
penyl ether and maleic acid derivatives; polyamide, polyimide, polyamideimide, polyurethane.' polybutadiene 
chloroprene, polyether, polyester, pentadiene derivatives, styrene/butadiene/styrene block copolymer, styrene/ethyl- 
ene/butene/styrene block copolymer, styrene/isoprene/styrene block copolymer, petroleum resin, xylene resin, ketone 

so resin, fluorine-containing oligomer, silicon-containing oligomer and polysulfide-type oligomer. 

Cured products with a pencil hardness of H to 9H at 23°C can be obtained by curing the radiation curable resin 
composition of the present invention. The cure shrink rate accompanied by curing is usually 1 0% or less and preferably 
6% or less. In addition, resulting cured products have superior mar and alkali resistance. 

55 EXAMPLES 



The present invention is explained in more detail by way of examples, which are not intended to limit the invention. 
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Preparation o f alkoxvsilane compound 
Reference Example 1 

5 In dry air, 20.6 parts by weight of isophorone diisocyanate was added dropwise to a solution of 7.8 parts by weight 

of mercaptopropyltrimethoxysilane and 0.2 part by weight of dibutyl tin dilaurate over one hour while stirring at 50°C. 
The mixture was further stirred for 3 hours at 60°C. After the addition of 71 .4 parts by weight of pentaerythritol triacr- 
ylate dropwise over one hour at 30°C, the mixture was stirred for 3 hours at 60°C to obtain an altoxysilane compound. 
This compound is called Silane Compound A. The amount of remaining isocyanate in this product was analyzed to find 

10 that the content was less than 0.1%, indicating that the reaction has almost completed. 

Preparation of co mponent B 

A mixture of 8.1 parts by weight of Silane Compound A prepared in the Reference Example 1 . 90.5 parts by weight 
is of methanol silica sol MEK-ST (manufactured by Nissan Chemical Industries, Ltd., a dispersion of colloidal silica methyl 
ethyl ketone (average particle diameter 0.01-0.02 ^m), silica content 30%) and 0.1 part by weight of ion exchanged 
water was stirred at 60°C for 3 hours. 1 .3 parts by weight of ortho-methyl formate was added and the mixture was fur- 
ther stirred for one hour while heating at the same temperature to obtain a colorless and transparent dispersion liquid. 
The liquid is herein called Dispersion Liquid 1a. 

20 

Preparation of compositions 

The method for preparing the compositions used in the present invention is explained by the weight percent of -each 
component used as shown in Table 1 . 

25 • . . -v : ! -r v ' •■ ' ■ :■ • *: . . = '* ■ -• • . • 

Example 1 

To a UV shielded vessel were added 71 wt.% of the Dispersion Liquid 1a prepared in the Reference Example 2 t 20 
; wt.% of dipentaerythritol hexacrylate, 3 wt.% of 1 -hydroxycyclohexylphenyl ketone and 1 wt% of Cymac US-150. The 
30 mixture was stirred for 30 minutes at room temperature to obtain Example Composition 1 as a homogeneous solution. 
Examples 2 to 4 and comparative examples 1 -4, also shown in Table 1 , were prepared in the same manner. 

Test Examples 

35 Test specimens of the resin composition of the present invention were prepared and evaluated for pencil hardness, 
mar resistance, abrasion resistance and alkali resistance. 

Preparation of test specimens : 

40 The resin compositions obtained in Examples and Comparative Examples were applied to a commercially available 
PET film (film thickness 1 88 jim) to a thickness of about 5 urn using a wire bar coater (No. 1 0) and allowed to stand in 
an infrared drying furnace at 40°C for one minute, followed by irradiation with ultraviolet light at a dose of 0.3 J/cm 2 in 
the air to obtain cured films. The films were maintained at a temperature of 23°C and relative humidity of 50% for 24 
hours to obtain test specimens. 

45 

Measurement of pencil hardness : 

The pencil hardness of the test specimens was measured using a pencil scratch test machine in accordance with 
J IS K5400. 

50 

Scratch resistance test : 

The test specimens were placed on a vibration abrasion testing machine and reciprocated 10 times, while putting 
a load of 200 g on a steel wool #0000. Conditions of scratch were evaluated by naked eye observation. 
55 Evaluation standards applied are described below: 

© : There was no scratch at all. 
O *1 -3 scratches were produced 
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20 



a: 4-1 0 scratches were produced 

X: More than 10 scratches were produced 

Abrasion resistance test: 

The taber test according to J IS R3221 was carried out using a taber abrasion tester (an abrasion ring CS-10F taber 
load 500 g, 100 rotation) to measure AH (haze) value of above the test specimens. ~ 

Substrate adhesion : 

The method of JIS K5400 was followed for the measurement of the substrate adhesion. Specifically, 100 squares 
were produced on the surface of cured test specimens by 1 1 x 1 1 cut lines. A commercially available cellophane tape 
was adhered to the surface, followed by rapid removal. The number (X) of squares not peeled off were counted The 
substrate adhesion is indicated by X/1 00. 

External appearance: 

Defects on the surface, such as cracks, whitening and clouding, were observed by the naked eye to evaluate 
according to the following standard. The evaluation standards applied are described below: 



O: No remarkable defects were seen; 
>/#r/w. ... a: Small cracks and slight doud were observed; ...^ 
X: External appearance was conspicuously damaged. 

v Alkali resistance test: . , 0 ^ Vv " ! ^ . v / ' ... 

^ above-mentioned test specimens were placed in a 5 wt.%*laOH aqueous solution which was maintained at 

45°C in a thermostat and allowed to stand for 3 hr. Adhesion of the cured resin products were evaluated. 



35 



40 



45 



50 



55 
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1) Dipentaerythritol hexacrylate 

2) Pentaerythritol triacrylate 

3) Isobornyl acrylate 

4) 1-Hydroxycyctohexylphenyl ketone 

5) Manufactured by Toagosei Co., Ud. 

6) Manufactured by Toagosei Co., Ltd. 

7) Additive for anti-abrasion, manufactured by Toray-Dow Corning Silicone Co., Ud. 

8) Non-reactive polymethylsiloxane (silicone oiD. manufactured by Toray-Dow Corning Silicone Co., Ud. 

9) Methacrylate-reactive polymethylsiloxane (silicone oil) with a molecular weight (Mw) of about 1 000; Chisso Corp 
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The radiation curable resin composition of the present invention provides surfaces of plastic molded articles and 
coated materials with superior slip characteristics and improved resistance to abrasions, stains, weather, solvent and 
alkali environments. The composition is particularly suitable as a hard coat material for plastic optical components, 
touch panels, film-type liquid crystal elements, molded plastic articles, or as a stain-proof or scratch-proof coating for 
wall and flooring materials which are used as architectural interior finishings. 
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Claims 

1. A liquid curable resin composition comprising: 

(A) a polyfunctional (meth)acrylic compound having at least three (meth)acryloyl groups in a molecule- 

(B) a reaction product obtained by the reaction of moiecuie, 

(i) an alkoxysilane compound having a polymerizable unsaturated group, a urethane bonding grouo and 
an organic group represented by the following formula (1), • 

X-C-NH- (d 

ll 



(wherein X represents -NH-.-O-, or - S-, Y is an oxygen atom or a sulfur atom, provided that when X is -O- 
, Y is a sulfur atom ) and 
20 (ii) silica particles; 

(C) a silicone polymer; 

(D) an irradiation active initiator; 
and, • : 

25 (E) optionally a polymerizable monomer containing a vinyl group or (meth)acryloyl group other than that of 

component A. 

2. Conposition according to claim 1 wherein for component (B). the amount of the alkoxysilane compound (B) Xrcvoo-, 
bilized on the silica particles is more than about 0.01 wt.%. w.nnmo 

3 - SSe1£r^»^ 

35 4 " %SS£ sWe^afm 9 10 "* " "** ^ *" (C) fe * graft ha ™9 si «" 

5. Composition according to claim 4. wherein the silicone polymer (C) is an acrylic graft copolymer. 

6. Compositin according to claim 4. wherein the silicone polymer (C) contains 1 0-70 % by wt of SiO. 

7. Composition according to claim 4. wherein the silicone polymer contains 20-90 wt.% of SiOR 6 tf groups wherein 

45 8. Composition according to any one of claims 1-7, wherein the composition further comprises a polymerizable mon- 
omer comprising a vinyl or (meth)acrylqyl group other than that of component (A). 

9. Composition according to any one of claims 1 -8, wherein the conposition comprises: 

so (i) 4.9 - 59.9 wt.% of component A; 

(ii) 40 - 95 wt.% of component B; 

0H) 0.1-20 wt% of component C; and 

(iv) 0.01 - 10 wt.% of component D. 

55 10. Cured coating of a composition according to any one of claims 1 -9, obtained by irradiating with UV or visible liaht 
wherein said cured coating is cured on a substrate. 9 ' 

11. Coating according to claim 10, wherein the coating has a pencil hardness of H to 9H at 23 °C. 
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12. Coating according to any one of claims 10-1 1 , wherein the coating is resistant to alkali for 1 hr at 45°C in a 5 wt.% 
NaOH aqueous solution. 

1 3. Coating according to claim 12, wherein the coating is resistant to alkali for 3 hr at 45°C in a 5 wt.% NaOH aqueous 
5 solution. 
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(54) Uquid curable resin composition 

(57) A liquid curable resin composition containing: 

(A) a polyfunction^ (meth)acrylic compound having at least three (meth)acryloyl groups in a molecule. 

(B) a reaction product obtained by the reacting 

(i) an alkoxysilane compound having a polymerizable unsaturated group, a urethane bonding group and an 
organic group represented by the formula (1 ), 



-X-C-NH- 

II 

Y 



(1) 



and 

(ii) silica particles; 

CO 

«^ (C) a silicone polymer; and 

(D) an irradiation active initiator. 

ID 

The composition when coated on surfaces of plastic molded articles and other materials provides for superior slip 
t*- characteristics and resistance to abrasions, stains, weather, solvents and alkali environments. The compositions of the 
59 instant invention is particularly suitable as a hard coat material for plastic optical components, touch panels, film-type 
liquid crystal elements, molded plastic articles or as a stain-proof or scratch-proof coating for wall and flooring materials 
® which are used as architectural interior finishings. 
Q_ 
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